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Questions: Is deterministic analysis
sufficient for uGrid planning and design?

% 1. Does deterministic analysis capture the value
in uGrids?
% 2. Do deterministic assumption sets exist?

3. How does the analyst search for non-intuitive
worst case conditions?

4. How to perform cascade failure analysis in
large state spaces?

5. What is the impact of coupling at longer &
more diverse time scales?
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Integrating high(er) penetration renewables

Aggregating smaller DG sources
Improving power quality
Providing emergency power

Do current analysis techniques

correctly capture value of
uGrids ?
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Example 1: Stochastic Planning & Value




Viewpoint:

Practice:

Mr. 01d Grid

“"Give me a few
big things I
can control
directly™

Deterministic

Stochastic

Mr. New Grid

'*Give me a
thousand small
things I
understand
stochastically™

Stochastic

Stochastic
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Definition of Perfect Forecast
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Power Deviation from Hourly Average
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Questions for Island Systems
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Questions for Island Systems:
% 1. How well do classic power system modeling
approaches handle island system behaviors?

% 2. Do classic tools make incorrect assumptions
for island systems?

% 3. Are machines and loads modeled correctly for
Island systems?

4. Do coupled power and communications
systems have a material impact on
operations?
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Example 1: Transient versus Disturbance
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Voltage (pu)

6 MW uGrid Powered by 3 Ganged Diesels
Response to Added 2.2 MW of Load
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Swing Machine & Wind Turbine
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Contrast:

- Classic Power Sys. - Island Systems
- Load Flow <— steady state - Load flow

- Fault studies " - Fault studies
: | Transients :
- PrOteCtlon 10s cyc]_es - PrOteCtlon
coordination _  coordination

o

- Disturbance response

Control & Communication _| - SUDewlsory COﬂthl
100s of cycles behavior

- Communication
_ latency studies

Y Y
Infinite Bus Finite Bus

5 October 2012

17



Current yGrid simulation research:

- Detailed Models in Longer Events
- Transients -> Disturbances - Unit dispatch

- Coupling between Distant Events
- Storage integration — seconds to days

- Coupling between Disparate Systems

- Power Systems - Controls = Communication
Pathways - Congestion - Latency - Controls -
Power System
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Example 2: The Fixed-Frequency
Assumption
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A “Can’'t Get Any Simpler Than This” Test
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ometric
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- Frequency = 59.9 Hz
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- Phase Angle: Constant
- Plotls .... ?
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E Function Block Parameters: Active & Reactive Power ﬁ
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The “infinite bus™ and “fixed frequency” mindset
pervades tools
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Example 3: Prime Mover Models
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Computational Questions
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Computational Questions
% 1. How can uGrid analysis exploit HPC
computational capabilities?

2. What mechanisms are required to validate
load, machine and prime mover models?

3. The nasty controls question: How do
proprietary controls with custom settings
Impact analysis & performance?

4. Can computational horsepower automate
uGrid planning, design and operation”?

% 5. What is the role of visualization in uGrids?
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Current Cluster Approach

n
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The “Catch” with Many Smart Grid
Models

- Significant Computation Challenge on Tightly
Coupled Sub-Systems

¥

- “Loose Coupling” Techniques Introduce Artificial

Behaviors "

- "Tight Coupling” Bogs Down Cluster

Computation "

- Computation Challenges Exactly When
Computation Requirements Increasing
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Thank You

Daniel Zimmerle
dan.zimmerle@colostate.edu

970-581-9945
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